Objectives To describe the laboratory test ordering patterns by general practitioners (GPs) in Northern Ireland Western Health and Social Care Trust (WHSCT) and establish demographic and socio-economic associations with test requesting.
Introduction
Despite the important role of laboratory testing in the diagnosis and monitoring of disease, there is concern about the increasing number of requested tests and in particular, large differences in laboratory utilization between clinical teams. 1 In the UK, laboratory test orders grew by approximately 5% per year in recent years and inappropriate test requests are considered to be an important cause for this increase 2, 3 .
Although pathology expenditures account for only 5-6% of the UK total health budget, they are viewed as a potential source of savings, most likely because the costs can be easily identified and measured. 4 According to the Department of Health, the rationalization of pathology services, including demand management of laboratory tests and elimination of unnecessary requesting, could produce savings of at least £500 million. 5 Unnecessary testing is not only wasteful of resources but impacts on patients directly through the requirement for venepuncture and the follow up of minor (and possibly insignificant) abnormalities which may cause patient anxiety. On the other hand, inappropriate under requesting may cause harm through failure to diagnose or manage disease optimally. Several studies suggested that unnecessary and inappropriate utilization of laboratory services is closely linked to inter-practitioner variability in test requesting. [6] [7] [8] Despite the increased availability of clinical management guidelines promoting harmonization of the use of laboratory tests, there is still substantial variation in test utilization among general practitioners. 7, 9 These differences appear to be unrelated to demographic characteristics of patient populations, socio-economic status of GP practices, disease prevalence or clinical outcome indicators. 6, 7, 10, 11 Even if some of these variables have been shown to have an effect on test ordering patterns, the variation in requesting rates is so large that it can only be explained by differences 5 in attitudes towards the use of laboratory tests of individual practitioners. 10 Accordingly, factors such as confidence in clinical judgement, clinical experience, an attitude about clinical practice guidelines, a lack of knowledge regarding the correct use of tests and fear of litigation have been identified as potential sources of practice variation. [12] [13] [14] [15] Since unwarranted variation can lead to suboptimal clinical outcomes, 16 
Materials and Methods
Study design and data sources Outcome measures
Our outcome of interest was to identify the presence and extent of variations in primary care laboratory tests ordering and to evaluate temporal changes in both the standardised number of test requests and between-practice variability in requesting. In addition, we studied demographic, socio-economic, geographical, and clinical factors that may explain this variation.
Statistical analysis
Inter-practice variability in test requests was assessed by calculating the variance (σ²).
Furthermore, we computed 'variability index' (Var i ) defined as the top decile divided by the bottom decile of standardized test request rates. 10 Var i is a dimensionless measure of dispersion allowing us to compare the amount of variation in request rates of individual tests despite their differences in scale. The Shapiro-Wilk test of normality was used to determine if the distribution of test ordering data deviated from a normal distribution. 22 Since the distribution of laboratory test request rates was found to be non-normal, the non-parametric statistics were implemented to perform further analysis. Mann Whitney U (MWU) test was employed to compare distributions of laboratory test rates between GP practices located in rural and urban areas. 23 The homogeneity of variances for requesting activity in rural and urban GP practices was assessed with the Fligner-Killeen (FK) test. 24 Significance of temporal changes in median and variability in test requesting rates was examined with the Mann-Kendall (MK) test. 25 In all conducted tests, a p < 0.05 was considered significant. Kendall rank correlation coefficient (τ) 26 
Patient and public involvement
No patients or general practitioners were involved in defining the research question or outcome measures nor were they engaged in the design or implementation this study.
The study was approved by the Western Health and Social Care Trust (WHSCT). All identifiable information used for the purpose of the study was anonymised and not traceable to individual patients or general practitioners.
Results

Test ordering patterns
We analysed the laboratory test request rates of 55 general practices within the We observed substantial between-practice variability for all studied tests ( 
Demographic characteristics of patient population
Proportion of the oldest age category of patients (> 75) constituted a relatively small group in each GP practice (mean = 6.1%, 95%CI = (5.7%,6.5%)). Hence, we combined the 65-74 and > 75 age categories to create a more meaningful group of patients in the older age band. We examined four tests for which differences in proportions of older patients were expected to be reflected in test requesting i.e. electrolyte profiles, liver profiles, lipid profiles, and thyroid profiles. Since we were unable to obtain a consolidated data on both gender and age of patients, we did not assess the relationship between the PSA requesting rates and the category of males aged 65 and over. We found a very weak correlation between the adjusted request rates of selected laboratory tests and the percentage distribution of patients of age over 65, with τ ranging from 0.08 for thyroid profiles to 0.23 for lipid profiles (supplementary table S1).
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Since previous studies reported on a higher rate of testing of thyroid hormones in females, 27 we looked at the strength of a relationship between the percentage of females in individual GP practices and requesting rates for thyroid profiles. We found a weak, in fact negative, association between these two characteristics, with τ = -0.2 (supplementary figure S2 ).
In addition, we examined the effect of gender distribution on the standardized number of PSA tests, with the PSA ordering rates expected to be higher for GP practices with higher percentage of males (supplementary figure S2) . The coefficient
weak degree of correlation between these two variables. Note that we acknowledge the fact that a combined effect of sex and age distributions might have had a more significant effect on PSA requesting activity. However, we were unable to extract such data. Figure 4 shows a temporal median-variance relationship of the standardized number of laboratory test requests for rural and urban areas. Large differences were identified for PSA, lipid profiles, thyroid profiles, and liver profiles. The median number of tests ordered annually by practices located in rural areas was higher by approximately 27-37% for PSA, 14-30% for lipid profiles, 14-38% for thyroid profiles, and 8-23% for liver profiles. For ACR and immunoglobulins the median requesting rates were lower in rural areas by 1-27% and 18-57% respectively. Across five consecutive time periods, Mann Whitney U (MWU) test showed significant differences between 'rural' and 'urban' distributions of laboratory test rates for lipid profiles (p MWU ranging from 0.00004 to 0.03) and PSA (p MWU between 0.003 and 0.03). The significant rural-urban differences in requesting activity of thyroid and liver profies (p MWU < 0.05) were observed only in the first two years of the study (table 2) .
Practice setting
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Rural practices had significantly higher variability in test requesting than urban practices at all five time points. The variance in requesting rates in rural GP practices was higher by 9-52% for electrolyte profiles, 280-460% for lipid profiles, 280-1212% for PSA, 224-367% for thyroid profiles, 29-82% for liver profiles, 2-301% for HbA 1c (except for the period 2012-13 when the variance was 16% lower in rural areas), 34-50% for ACR (except for the periods of 2011-12 and 2012-13 when the variance in rural areas was lower by 15% and 16% respectively), and 36-161% for immunoglobulins (except for the period of 2015-16 when the variance was 9% lower in rural areas).
Furthermore, we found the rural-urban differences in variance for ordering rates of PSA and thyroid profiles statistically significant (p FK < 0.05) (table 2)
Socioeconomic factors
We observed a very weak association between the Multiple Deprivation Measure (MDM) and requesting activity. Accordingly, the lowest Kendall HbA 1c tests performed and the GP practice effectiveness, as measured by the QOF overall achievement rate (combined DM007, DM008, and DM009) was very weak (τ = 0.12).
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Discussion
We evaluated temporal changes in variability and number of laboratory tests ordered by individual GP practices in the WHSCT. We also investigated a range of key demographic, socioeconomic, geographical, and clinical factors to assess whether any of these factors are likely to explain a part of the observed variation in requesting activity.
While we found an overall decrease in the median request rates for lipid profiles, thyroid profiles, liver profiles, and ACR (statistically significant only for lipid profiles), we observed an increase in the median standardized number of PSA, HbA 1c ,
immunoglobulins, and electrolyte profiles (statistically significant only for PSA and HbA 1c ). Furthermore, we identified substantial differences in variation of adjusted test request rates for individual tests, with an index of variability oscillating between 2.0-2.9
for electrolyte profiles, liver profiles, and HbA 1c , 2.8-3.3 for thyroid profiles, 3.1-3.7 for lipid profiles, 6.3-7.6 for PSA, and reaching up to 69.8 for immunoglobulins. Our finding of high levels of variability between practices is consistent with previous research. 6, 10, 28, 29 This large variation may suggest that a portion of ordered tests had been not clinically relevant according to standards and guidelines and therefore, had limited or no benefit to the patient care. The practice location was found to be a significant factor associated with variability in test use. Both the variability and median number of request rates were generally higher in GP practices located in rural areas at all time points. This probably reflects the differences in clinical practice associated with the specific aspects of practice organisation and workflow in rural and urban practices as well as personal characteristics of general practitioners. The practice location was previously related to the between-practice variation in prescribing. [33] [34] [35] Further studies are needed to explore in more detail the potential reasons for the rural-urban discrepancy in test utilization.
Finally, we found no evidence of a significant correlation between test requesting rates and clinical outcomes. This observation is consistent with other studies. 10 The fact that the majority of practices attained maximum points for the three target levels for
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HbA 1c (59, 64, and 75 mmol/mol) implies that the glycaemic control was generally good and could not explain the variability in HbA 1c testing.
Implications for practice and research
The findings of our study suggest that there may be considerable potential for the rationalization of test ordering through minimizing the between practice variability in test utilization. Yet, it is important to establish whether the observed variation is, and to what extent, associated with over-requesting (unnecessary repeat requesting of tests)
in GP practices with high ordering rates or on the contrary, it reflects a failure to prescribe clinically indicated tests by GP practices characterized by low use of tests.
Further analysis on the degree and detection of inappropriate use of laboratory resources in primary care could contribute to improving the consistency, efficiency, and cost-effectiveness of patient diagnostics, monitoring, and treatment and hence, reduce unnecessary costs to patient care.
Further exploration of variations in requesting activity in the context of factors not considered in this study (e.g. practitioner-specific characteristics) may help identify and implement appropriate optimization strategies to manage demand for laboratory tests.
Previous studies reported on the number of successful approaches in fostering best practice and reducing variation in test utilization including implementing locally agreed clinical guidelines, changing test order forms, incorporating clinical decision support tools with embedded retest interval rules, conducting audits of GPs on their request rates, and providing financial incentives. [36] [37] [38] [39] [40] [41] [42] In fact, several studies showed that multifaceted interventions were most successful in optimizing laboratory demand. 43, 44 Finally, it is essential to better understand implications of variability in laboratory test requesting for the cost and quality of care. In particular, an important question to be Due to data unavailability, we were unable to investigate the relationship between laboratory use patterns and practitioner-specific characteristics including GP's age, education, and medical training. Such analysis could help identify potential reasons behind variation in clinical practice. Besides the lack of information on the practitioners, the present study was limited by a paucity of research evidence in this area. We were also unable to retrieve consolidated data on both gender and age of patients registered in individual GP practices and therefore, assess the combined effect of sex and age distributions on test requesting activity.
Conclusion
This study investigated the patterns and temporal changes in request rates across a range of frequently ordered laboratory tests. In addition, it explored potential factors of the substantial inter-practice variability in the use of laboratory tests and found that 1 
